I discuss the effect of the formation of a black hole on a (close) binary and show some of the current constraints that the observed properties of black hole X-ray binaries put on the formation of black holes. In particular I discuss the evidence for and against asymmetric kicks imparted on the black hole at formation and find contradicting answers, as there seems to be evidence for kick for individual systems and from the Galactic z-distribution of black hole X-ray binaries, but not from their line-of-sight velocities.
Introduction: What do we want to learn?
We can study black holes only when they interact with other stars or material. For stellar mass black holes the only way to study them is when they reside in binaries and in particular when they accrete material from their (low-mass) companion stars in black-hole X-ray binaries (BHXBs). These binaries can be used to get information about the formation of black holes, of course with the caveat that strictly speaking they only constrain the formation of black holes in binaries. The formation of black holes from massive stars is poorly understood (e.g. Fryer & Kalogera 2001) . The questions we would like to answer are: i) Which stars form black holes? (What is the minimum mass of a main sequence star that forms a black hole, and does this depend on binarity/rotation etc?) ii) Do black holes form in either direct collapse, a supernova explosion or either? iii) How much mass is lost during the black hole formation? (which is important for the chemical enrichment of the interstellar medium) iv) Is the black hole formation symmetric or asymmetric? Here I will discuss only the last three questions.
2. Effects of the formation of a black hole on the binary I discuss four ways in which the formation of a black hole in a binary can influence the companion and the binary as a whole (see Fig. 1 ) Pollution companion If the formation of the black hole is accompanied by explosive mass loss, part of this can be captured by the companion and, if enough is retained in layers near the surface, can cause the companion to show peculiar abundances (Israelian et al. 1999; Podsiadlowski et al. 2002; González Hernández et al. 2004) 
Space velocity
If mass is lost quickly it will carry linear momentum, causing the centre of mass of the remaining binary to move in the opposite direction. Furthermore, if the formation of the black hole is asymmetric a kick will be imparted on the black hole, which also causes a space velocity (v sys ) of the binary. Eccentric orbit Both explosive mass loss and a kick induce an eccentricity (e)in the binary. Angle between v sys and orbit If the kick on the black hole is directed out of the orbital plane, the direction of the resulting space velocity of the binary will make an angle with the orbital plane. Symmetric mass loss always results in a space velocity directed in the plane of the orbit.
Symmetric mass loss
In the case of symmetric mass loss, so in absence of a kick, there is a unique relation betweem v sys and e, as both are uniquely determined by the amount of mass loss 1 . If after the formation of the black hole the orbit of the binary is small enough that the companion will start mass transfer to the black hole (and thus we can observe the binary), the eccentric orbit quickly circularizes (e.g. Kalogera 1999), yielding the following relation between the space velocity of the binary and the observable parameters (cf. Nelemans et al. 1999 )
Based on the properties of binaries that can reach this phase of mass transfer, a maximum space velocity can be derived for short period black hole binaries with low-mass companions (LMBBs), see Nelemans et al. (2004) . The maximum velocities as a function of the system parameters at the onset of mass transfer (which generally is very different from the current parameters) is shown in Fig. 2 . 
Galactic z-distribution
For most systems it is not possible to determine the space velocity and the system parameters, let alone infer what they were at the onset of mass transfer. However, White & van Paradijs (1996) noticed that the average z-height of BHXBs was about half that of neutron star X-ray binaries (NSXBs) suggesting a lower average velocity of the BHXBs. They therefore concluded that there was no evidence for asymmetric kicks imparted on black holes, in contrast with neutron stars.
We recently repeated this analysis, using new distances and newly discovered systems and found that the current situation is that there is no difference anymore z rms,BH = z rms,NS ≈ 1 kpc (Jonker & Nelemans 2004, see Fig. 3 ). This in principle suggests that black holes do get kicks at birth, but there are a number of selections effects that complicate the comparison. Firstly, the black hole systems are relatively close by (as one needs to see the companion in order to measure its radial velocity and thus determine the mass of the compact object). This means the BHXBs are farther from the Galactic centre and thus move in a lower potential. Secondly, there are differences in formation between NSXBs and BHXBs, that can give rise to quite different velocities, even if the mass loss was symmetric.
As a simple experiment, I plot in Fig. 3 (top right) the R − z distribution of the subset of systems that are LMBBs (solid circles), and in the bottom two panels their expected distributions in case of symmetric mass loss, i.e. with velocities as in Fig. 2 (bottom left panel) and in case they receive a kick of 110 km/s (bottom right panel). Except for the system close to the Galactic centre, all seem to be consistent with symmetric mass loss. 
Observations of 3D velocities
For most systems we know their period, system radial velocity, their masses and the binary inclination. In addition sometimes a radio or optical proper motion is know (Mirabel et al. 2001 (Mirabel et al. , 2002 Mirabel & Rodrigues 2003) . In principle this can be used to get a 3D velocity by combining the proper motion with the (generally very uncertain) distance to get the transverse velocity and the radial velocity plus local standard of rest (which again depends on the distance) to get the peculiar radial velocity. In order to constrain the black hole formation one also needs to estimate the age of the system, in order to trace the orbit back in the Galactic potential to find the system parameters after the formation of the black hole. A number of systems have recently been analyzed in this way XTE J1118+480 Gualandris et al. (2004) studied the formation of XTE J1118+480 and traced back its orbit. They show that the memory of its initial position is quickly lost. However, Fig. 4 shows that even after 5 Gyr, the peculiar velocity of the Figure 4 . Peculiar velocity of XTE J1118+480 after the formation of the black hole, and its component perpendicular to the orbital plan based on the current system parameters (from Gualandris et al. 2004). binary after the formation of the black hole is still quite well constrained and is significantly above the maximum velocity that can be reached with symmetric mass loss for any of the system parameters leading to LMBBs (cf. Fig. 2 ). Also the component of the peculiar velocity perpendicular to the orbital plane is likely non-zero (Fig. 4) . Both findings suggest the black hole received a kick. GRO J1655-40 Kalogera & Willems (in prep.) performed a similar analysis of the intermediate mass X-ray binary GRO J1655-40 and found solutions without kick, but only when allowing the binary to get circularized very quickly after the formation of the black hole (for details see Kalogera & Willems, in prep.).
Radial velocities
Finally, if kicks of the order of 100 km/s or higher indeed are commonly imparted on black holes, one would expect the current peculiar line-of-sight velocities (i.e. compared to their local standard of rest) to be at least several tens of km/s. In Table 1 
Conclusions
By analyzing the properties of BHXBs a number of things can be learned about the formation of black holes. The first is that some BHs are formed in a supernova, with (quite some) mass loss. Secondly, the z-distribution BHXBs and NSXBs are similar, which naively suggests kicks are imparted on black holes as
